1993). Nine paired box-containing genes have been isol phage clones containing the murine Pax 8 gene lated from vertebrates by their homology to Drosophila were isolated from a C57BL/6 kidney genomic mouse genes that regulate pattern formation and contain conlibrary using mouse cDNA fragments as probes. A served DNA-binding domains, such as the homeobox clone encompassing about 16 kb of the 5 untranslated or paired box domain (Gehring et al., 1990 ; Treisman region of the murine Pax 8 gene was isolated from a Lewis, 1978 ; Nü sslein-Volhard and mouse embryonic stem cell (D3) library. The murine Wieschaus, 1980; Stapleton et al., 1993 ; Holland and Pax 8 gene has a size of approximately 26 kb and con- Hogan, 1988) . Genes of this group are highly conserved tains the coding sequence for mRNA in 12 exons. The throughout evolution. Each member of this family major and several minor transcription initiation sites shows temporally and spatially restricted expression were identified. Position /1 is located 488 nucleotides patterns during embryonic development (Tremblay . It was shown recently that Pax born mice and embryo at Day 10.5 postconception. A 1, 2, 5, and 8 proteins are transcriptional activators FISH assay shows that the murine Pax 8 gene is lo- (Chalepakis et al., 1991; Fickenscher et al., 1993 ; Adcated on chromosome 2, map position B. ᭧ 1997 Academic ams et al., 1992; Zannini et al., 1992) . The develop-
INTRODUCTION
. Pax 8 is a paired box-containing gene and a member
The Pax 8 gene is expressed in the adult thyroid and of the Pax gene family (Walter et al., 1991; Pilz et al., during mouse embryogenesis in the intermediate zone of the myelencephalon and metencephalon up to the Sequence data from this article have been deposited with the midbrain-hindbrain boundary (Nornes et al., 1990) , in EMBL Data Library under Accession Nos. X99592-X99598.
induced mesenchymal condensations and their epithe-kb EcoRI/BamHI fragment; exon 10-from 1.65-kb EcoRI/HindIII to similar consensus sequences and transactivates two fragment; exon 11-from 375-bp XbaI fragment; and exon 12-from thyroid-specific genes, thyroglobulin and thyroperoxi-625-bp XbaI fragment and from 1.8-kb XbaI/EcoRI fragment). dase (Zannini et al., 1992) . In both promoters, the bind- ( 2) The sizes of the two introns, one between exons 2 and 3 and ing site of Pax 8 overlaps with the binding site of TTF-the other between exons 11 and 12, were defined by the polymerase chain reaction (PCR) with oligonucleotides of two adjacent exons as 1, which is a homeodomain-containing protein involved primers and mouse genomic DNA clones as templates. The sequences in the activation of thyroid-specific transcription (Sinfor those PCR primers were derived from the cDNA sequence clair et al., 1990) . The Pax 8 gene is also subjected and were as follows: for intron 2, forward-5-to an alternative splicing that may modify the coding ATGCCTCACAACTCGATCAGATC-3 and reverse-5-CAGAGGregion (Poleev et al., 1992 (Poleev et al., , 1995 Kozmic et al., 1993) . CCTGCCATTCAC-3 and for intron 11, forward-5-GAAGTGAAT-ATTCTGGCAATG-3 and reverse-5-CTACAGATGGTCAAAGGCWe have previously cloned and sequenced the cDNA of the mouse Pax 8 gene . Here PCR were performed with Taq polymerase (Boehringer Mannwe report the genomic organization of the mouse Pax heim) in the supplied buffer for 30 cycles at 94ЊC (0.5 min), annealing 8 gene and describe its organization. This gene spans temperature according to the melting temperature of the appropriate about 26 kb of genomic DNA and is organized into 12 set of primers, and 72ЊC (1 to 5 min, depending on intron size). exons. In addition, we mapped the gene promoter of RNA isolation. Total RNA was isolated from different tissues of newborn NMRI mice (1-2 days of age), i.e., kidney, liver, lung, Pax 8. The mouse Pax 8 gene has multiple transcripspleen, brain, and heart. Total RNA from thyroid and pituitary tional initiation sites and contains TATA-and CCAATglands was purified from 1-month-old adult NMRI mice by the gualike boxes. We show that the putative promoter region nidinium thiocyanate-phenol-chloroform technique (Chomczynski contains consensus sequences for the binding of various and Sacchi, 1987) using RNAzol (Cinna/Biotecx). transcription factors. We also demonstrate that the Nuclease S1 analysis. S1 protection assays were performed using murine Pax 8 gene is expressed at low levels in tissues a modified procedure of the method of Green (1987) . Briefly, the 1.7-kb XbaI (from position 0494 to /1193 with respect to the first of newborn mice such as liver, lung, brain, spleen, and nucleotide of exon 1) was subcloned into the XbaI site of the pBlueheart, as well as kidney, thyroid and pituitary glands, script (KS / ) and designated pBX1.5. This construct was linearized and entire embryo at Day 10.5 postconception, in which with HpaII, dephosphorylated with calf intestinal phosphatase, and expression is predominant.
labeled with T4 polynucleotide kinase and [g-32 P]ATP (5000 Ci/ mmol). The labeled DNA was then digested with ScaI, and a 319-bp fragment was isolated from a 6% DNA-sequencing gel. Hybridiza-
MATERIALS AND METHODS
tions were carried out in 80% formamide in the buffer 40 mM Pipes [piperazine-N,N-bis(2-ethanesulfonic acid), pH 6.4], 1 mM EDTA, Screening of a mouse genomic DNA library and phage DNA analypH 8.0, 400 mM NaCl with 30 mg total RNA and 165,000 cpm of a sis. Clones l8B, l10B, and l5B were isolated from a C57BL/6 mouse labeled probe at 80ЊC for 15 min and then at 48ЊC overnight. Then, kidney genomic MboII partial-digest library cloned into the EMBL 300 ml of S1 buffer (250 mM NaCl, 30 mM sodium acetate, pH 4.5, 3 vector. This library was constructed by I. Koseki (Japan) (Koseki 1.5 mM ZnSO 4 ) and 300 U of S1 nuclease (Pharmacia, Biotech) per et al., 1989) and kindly provided by Kenji Imay. It was screened milliliter were added. The reaction mixtures were incubated at room with a 294-bp cDNA probe (position 182-476 according to the cDNA temperature for 1 h. The protected fragments were precipitated with sequence). Clone l12C was isolated with a 1635-bp murine Pax 8 ethanol and analyzed on a 6% polyacrylamide sequencing gel. A cDNA probe (position 893-2528) . Clone lStu27, pBluescript digested with HpaII and labeled with T4 polynucletide containing the first two exons of Pax 8, was isolated with a murine kinase and [g-32 P]ATP was used as a size marker. After electrophorePax 8 cDNA probe EcoRI/StyI (182 bp) from a mouse embryonal stem sis the gel was dried and exposed to a Kodak X-OMAT AR film. cell genomic (D3) library in the lambda Dash II vector (Stratagene) Primer extension analysis. The 36-nt primer (5-GGATCTGAT- (Kaestner et al., 1993) and was kindly provided by Klaus Kaestner.
CGAGTTGTGAGGCATCGCCGGGGAGTC-3) from the 3 end of All DNA fragments used as specific probes were radioactively labeled exon 2 was end-labeled with T4 polynucleotide kinase and [g-32 P]-by random priming with the Random Priming kit (Pharmacia) and ATP. Total RNA from different tissues of NMRI mice was used as [a-32 P]dCTP (Hartmann Analytics). Libraries were screened under template for reverse transcription, and 5 pmol of 5-labeled primer high-stringency hybridization conditions (500 mM sodium phoswas hybridized with 50 mg total RNA according to the standard protophate, pH 7.2, 7% SDS, 1 mM EDTA at 65ЊC and wash with 40 mM col. The hybrid mixture of total RNA and the 5-labeled primer was sodium phosphate, pH 7.2, 1% SDS at 65ЊC). A total of 1 1 10 6 then precipitated with ethanol, washed with 70% ethanol, dried, and plaques were screened. dissolved in 20 ml of the hybridization buffer (250 mM KCl, 10 mM Several positive clones were purified, and phage DNA was isolated Tris-Cl, pH 7.5, 1 mM EDTA, pH 8.0). Afterward it was incubated by the PEG precipitation method according to Sambrook et al. (1989) .
for 10 min at 85ЊC and 2 h at 65ЊC. The hybridization mixture was The restriction map of each clone was constructed by appropriate then ethanol-precipitated, and the pellet was resuspended in 100 ml digests. Restriction endonuclease mapping of fragments was carried of reverse transcription buffer. The primer was extended by incubaout by established protocols (Sambrook et al., 1989) . Clones were tion with 600 units of Superscript RNase H 0 reverse transcriptase digested with different enzymes and probed with Pax 8 cDNA or (Life Technologies) at 42ЊC for 30 min. The reaction was terminated with different probes corresponding to different Pax 8 exons. The by adding 5 ml of 0.5 M EDTA, pH 8.0, and 0.5 ml of 10 mg/ml RNase fragments containing exons were identified by Southern blot analysis A1. After 30-min incubation at 37ЊC, the transcribed fragments were and subcloned into the pBluescript (KS / ) phagemid (Stratagene). purified by phenol-chloroform extraction, precipitated with ethanol, DNA sequencing and analysis. (1) Double-stranded DNA was seand analyzed on 6% acrylamide/8 M urea gels. Primer extension quenced by the dideoxy chain-termination method with [a- 35 S]dATP products were sized against the sequencing reaction of mouse Pax8 (Sanger et al., 1977) using the T7-sequencing kit (Pharmacia), unicDNA template, using the same reverse primer utilized for primer versal and reverse primers, and gene-specific oligonucleotides as inextension and T7 DNA polymerase (Pharmacia). ternal primers. The intron-exon boundaries were sequenced directly Riboprobe construction. A XbaI-BamHI fragment encompassing from subcloned genomic fragments or overcloned smallest fragments 494 bp upstream of exon 1, the entire exon 1, and 147 bp downstream (exon 1 and 2-from 5.6-kb fragment BamHI; exon 3-from 1.2-kb of the relevant donor splice site was subcloned into pBluescript (KS / ) EcoRI fragment; exon 4-from 560-bp EcoRI fragment; exons 5, 6, and 7-from 2.7-kb HindIII fragment; exons 8 and 9-from 1.8-(Stratagene), and the resulting construct was linearized with
BamHI. A Pax 8 gene-specific fragment EcoRI/NcoI (blunt end) from sequences that correspond to exons 3 to 10, and it Pax 8 cDNA was subcloned into EcoRI/HindIII (blunt end) pBluealso contains sequences of unknown origin at the 3 script (KS / ) (Stratagene), and the resulting construct was linearized end. Two other genomic clones are identical (l5B and with EcoRI. Antisense riboprobes were synthesized with T3 RNA l10B), about 25 kb in length, and include exons 3 to polymerase (812 and 251 bp, respectively) using the Riboprobe kit (Promega) and [a-32 P]UTP under conditions specified by the supplier 12, the polyadenylation signal, and a part of the 3 (Promega). The quality of the probes was checked on a 6% polyacryl-untranslated region. Clone l4.1 contains exons 1 to amide/8 M urea gel.
3 and has sequences of unknown origin at the 5 and Ribonuclease protection assay. The RNase protection assay was 3 ends. The genomic clone l12C has a length of about essentially carried out as described previously (Melton et al., 1984) . 30 kb which includes exons 11 and 12 and a large Briefly, 50 mg of total RNA, isolated from kidney, liver, spleen, lung, 3 flanking region. The 16-kb genomic clone lStu27, brain, and heart of newborn mice (1-2 days of age) and from entire embryos at Day 10.5 postconception, was heated with the riboprobe which hybridized with the probe that has the exon 1 (2 1 10 5 cpm) in 10 ml of 80% formamide hybridization buffer (80% and 2 sequence, was isolated from the mouse genomic formamide, deionized; 40 mM Pipes, pH 6.4; 0.4 M NaCl; 1 mM embryonal stem cells (D3) library. This clone in-EDTA) at 85ЊC for 5 min to denature the RNA, and samples were cludes about 14 kb of the 5 untranslated part of the incubated overnight at 37ЊC. Then 300 ml of cold RNase digestion promoter region and the first two exons.
solution (10 mM Tris-HCl, pH 7.5; 5 mM EDTA; 300 mM NaCl; 2 mg/ml RNase T1 and 40 mg/ml RNase A) was added, and samples
The identified clones were selected for further dewere incubated at 37ЊC for 60 min. To terminate the RNase digestion, tailed analysis. Intron sizes were derived from the gene 20 ml of 10% SDS and 10 ml of proteinase K (10 mg/ml in H 2 O) were map or from PCR products by sequencing. The comadded and incubated at 37ЊC for 30 min. Reaction mixtures were piled sequencing data revealed that the murine Pax 8 then extracted with phenol-chloroform and precipitated with ethanol. Samples were washed with 70% ethanol and air-dried, and pelgene is approximately 26 kb in length and is composed lets were carefully resuspended in 6 ml of formamide loading buffer of 12 exons. The positions of the intron-exon bound-(80% formamide, deionized; 10 mM EDTA; 1 mg/ml xylene cyanol; aries were determined by comparison with consensus 1 mg/ml bromphenol blue). After heating to 95ЊC for 5 min and chill-sequences for intron-exon splice junctions and were ing in an ice bath, samples were subjected to electrophoresis on a also compared by the existing high degree of homology denaturing 6% polyacrylamide/8 M urea gel followed by autoradiography.
with the human Pax 8 gene, for which intron-exon Computer analysis and sequence comparison. Analysis of the 5 boundaries have been determined for exons 3 to 12 upstream region was performed using the HUSAR program (Heidel- (Kozmic et al., 1993) . The sequences of the intron-exon berg GENIUS computer centrum; Heidelberg, Germany).
boundaries are presented in Table 1 . full-length murine Pax 8 cDNA sequence (Plachov et Metaphase chromosome preparations were made from an exponentially growing culture of mouse embryonic stem cells incubated for al ., 1990) . There is a GT-rich sequence approximately 1 h in 0.1 mg/ml colcemid before harvesting. The cells were treated 20 bp downstream of the poly(A) signal AATAAA found with 0.5% trisodium citrate and 0.25% KCl hypotonic solution for 10 in many genes which is thought to be involved in min at 37ЊC before fixing three times in 3:1 methanol:acetic acid. cleavage and/or processing of primary transcripts Slides were prepared and stored for 3-7 days under vacuum. (Birnstiel et al., 1985; McLauchlan et al., 1985) . The Specific probes were hybridized to mouse metaphase chromosomal preparations as described previously (Fantes et al., 1992) , using genomic structure of the murine Pax 8 gene is premouse cot-1 DNA to suppress the hybridization of repeated se-sented in Fig. 1 . consensus ATAAAA was found 43 bases upstream of the first nucleotide of exon 1. The CCAAT box-like sequence GCCAATCC was identified 53 bases upstream
RESULTS
of ATAAAA. Some other consensus sequences for transcription factors in the putative promoter region were
Isolation and Mapping of Genomic Clones
found by sequence analysis with the HUSAR programm (Heidelberg). A computer-assisted search reUsing a mouse cDNA probe from Pax 8 , we screened a mouse genomic library and vealed a number of potential regulatory elements: two putative SP1-binding sites, two AP2 consensus seisolated five l phage clones, designated l5B, l10B, l8B, l4.1, and l12C. Restriction analysis and hybrid-quences, three zeste-like sequences (two of which are in opposite orientation), and one site for TFIID-EIIa ization assay revealed that these clones contain the complete Pax 8 gene sequence. Figure 1 shows the transcriptional activation factor. Two PEA3 consensus sequences, one in opposite orientation, are placed on genomic organization of the mouse Pax 8 gene. The genomic clone l8B is about 28 kb long and includes the boundary of the first exon (Fig. 2) . The respective positions of all regulatory elements found in the se-/155 located in exon 2 (Fig. 4A ). Sequencing reactions quence are shown in Fig. 2 . using the same oligonucleotide for a sequencing primer served as size markers. Five major transcription initiaDetermination of the Transcription Start Site tion sites were identified, which altogether account for more than 95% of the total signal. The most intensive We showed that TATA-and CCAAT-like boxes are losignal corresponds to the 019 nucleotide position, countcated 43 and 97 nucleotides upstream, respectively, of ing the first nucleotide of exon 1 as /1. This nucleotide the first exon of the murine Pax 8 gene. To map the is A, a common initiation site, which is designated with transcriptional start site, primer extension, S1-nuclease, an arrow and numbered in the promoter sequence /1 and RNase protection experiments were performed with (Fig. 4A) . Only a few of these initiation sites coincide with total RNA isolated from different tissues of newborn 1-consensus recognition motifs for transcription factors to 2-day-old mice and also from thyroid and pituitary mapped by our computer analysis. For example, three glands of 1-month-old mice. Primer extension utilizing an extension products coincide with consensus motifs for the antisense 36-bp oligonucleotide (Fig. 3) complementary to TATA-box and SP1 sites, and two with the AP2 factor nucleotides 144 to 179 of the murine Pax 8 cDNA reand CCAAT-box motifs, respectively. vealed multiple transcription initiation sites, extending
The results of the primer extention analysis show from 130 to approximately 600 nucleotides upstream of the predicted translational initiation codon at position also that banding patterns for RNA isolated from differ- Note. The sequences were determined from clones l8B, l10B (l5B), and l12C (see Fig. 1 ). Exon sequences are represented by uppercase letters, while intron sequences are represented by lowercase letters. Consnesus gt-at (5 r 3) splice site sequences are underlined. Intron sizes were determined by direct sequencing (introns 1, 5, 6, and 8), estimation from restriction mapping analysis of genomic clones (intron 3, 4, 7,8, 9, and 10), or size estimation of PCR products (intron 2 and 11). Intron-exon boundaries and intron sequences, EMBL Accession Nos. X99592 through X99598.
A ribonuclease protection analysis was performed, using a XbaI-BamHI fragment (see Materials and Methods and Fig. 3 ). An 812-nt in vitro transcript spanning the entire first exon detected multiple protected fragments ranging in size from approximately 60 to 400 bp, corresponding to transcripts that initiated 1 to 350 bp upstream of exon 1 accordingly. The most intensive and specific pattern of protected product corresponded to kidney RNA samples (Fig. 5, lane 1) . The strongest band is indicative of a nucleotide /1 transcript and was obtained in kidney and embryonal RNA. This band is also present as a weaker signal in analyzed RNA preparations from other tissues (Fig. 5) .
Thus, primer extension, S1-nuclease mapping, and ribonuclease protection analyses gave similar results, indicating that there are multiple initiation sites for transcription of the murine Pax 8 gene with one major transcription start site in kidney. RNA from other tissue samples also show the presence of this start site. The size of the extension products revealed by the primer extension analysis is slightly larger than the size of protected fragments seen by S1-mapping and ribonuclease protection assay. The specificity of transcriptional initiation sites in RNA preparations from different tissues in the primer extension experiments is not as obvious as with S1-nuclease mapping and RNase protection assays, because of the different sensi- mice. The murine Pax 8 cDNA corresponding to the first two exons was subcloned and used for generation ent tissues are identical, although the relative and of the single-stranded riboprobe (Fig. 3) . This probe is overall intensity of the bands may vary in different highly specific for the Pax 8 gene, because it does not samples. The most intensive pattern of radioactive include the sequence of the paired box. Our results bands is produced by kidney RNA. These results indi-indicate that the murine Pax 8 gene is almost exclucate that the same start sites of the murine Pax 8 gene sively expressed in kidney (Fig. 6, lane 1) but is also are used in distinct tissues and in different develop-expressed at low levels in other tissues. mental stages (newborn and adult mice).
To confirm the results obtained in primer extension experiments, S1-nuclease assays were performed. A ScaI-HpaII fragment covering the first exon of the murine Pax 8 gene and extending 260 bp upstream was used (Fig. 3) . The S1-nuclease mapping analysis indicated the presence of several transcriptional initiation sites (Fig. 4B) , most of which correspond to the sites determined by the primer extension analysis. The most intensive band (Fig. 4B ) corresponds to the nucleotide that was designated /1 and is located 24 nucleotides provide any protection fragments (Fig. 4B, lane 6) . 
exon-intron boundaries by breakpoint of homology Chromosomal Mapping of Genomic Phage Clones
with the Pax 8 cDNA and the presence of consensus The probe lStu27, containing genomic DNA of the splice sequences. The murine Pax 8 gene spans approxmurine Pax 8 gene gave a signal close to the centro-imately 26 kb and consists of 12 exons and 11 introns, mere of a chromosome that was clearly identified as similar to the human Pax 8 gene (Kozmic et al., 1993) . chromosome 2 by its banding pattern, as shown in Human and mouse Pax 8 genes show a high level of Fig. 7a . The map position, determined on 14 long homology between their sequences at intron-exon chromosomes, was 2B according to the mouse idio-boundaries. For example, 36 nucleotides (the 18 bases gram (Fig. 7b) .
3 of exon 2 and 18 bases 5 of exon 3) of the boundary areas of the second and third exon differ by only 2 DISCUSSION nucleotides. It has been shown previously that the Pax 8 coding regions of both species show a very high degree Here we report the molecular cloning of the murine of homology (Poleev et al., 1992) . Different isoforms Pax 8 gene, describe its organization, and give an ini-generated by alternative splicing have been detected tial characterization of the Pax 8 promoter.
for both mouse and human Pax 8 genes in different tissues (Kozmic et al., 1993; Poleev et al., 1995) . The Genomic Organization of the Murine Pax 8 Gene first intron spans 362 bp of genomic DNA for the human and 304 bp for the mouse gene. The high level of The exon structure of the murine Pax 8 gene was homology of both genes also includes the 5 untransdetermined by sequencing of all genomic regions complementary to the murine Pax 8 cDNA, evaluating the lated region and the first exon (unpublished data), and other studies (Poleev et al., 1992; Plachov et al., 1990; Zannini et al., 1992) . It seems likely that the choice of probes, the age of the mice (e.g., adult versus newborn), and the sensitivities of techniques used might be the reasons for the differences with results obtained in previous studies.
Definition of Start Sites for the Murine Pax 8 Gene Expression and Potentially Important Sequences within the 5 Flanking Region
As a first step toward elucidating the mechanisms involved in the control of mouse Pax 8 gene expression, the promoter region with its TATA-like sequence, ATAAAA, and CCAAT-box was isolated and characterized by primer extension analysis, S1-nuclease assay, and ribonuclease protection assay to determine the transcription start sites of the murine Pax 8 gene. All experimental results indicated that the 5 termini of murine Pax 8 mRNA(s) are heterogeneous. Transcriptional initiation sites by primer extension analysis were found predominantly in kidney of newborn 1-to 2-day-old mice, but also in lung and liver (newborn mice) and in thyroid and pituitary glands of adult mice; our results indicate that the genomic organization of these two genes is highly conserved.
Expression of Pax 8 mRNA in Mouse Tissues
Previous in situ hybridization studies demonstrated that the mouse Pax 8 mRNA is present in developing brain, kidney, thyroid, and in adult kidney tissues . Northern blot analysis of Pax 8 transcripts in rat (Zannini et al., 1992) and mouse (Plachov heart of newborn 1-to 2-day-old mice in contrast to by S1 mapping predominantly in kidney (newborn out TATA boxes, for example, the adenosine deaminase mice) and in the entire embryo at Day 10.5 postconcep-gene, the hypoxanthine phosphoribosyltransferase tion and also in liver, lung, and brain (newborn mice), gene, and the ras family of proto-oncogenes. Some of and by ribonuclease protection assay predominantly in these genes are ubiquitously expressed, but others are kidney (newborn mice), less intensive signals in mouse tissue specific. The SP1 factor is ubiquitously exembryos and very weak signals in liver, spleen, lung, pressed, but a detailed analysis of its expression dembrain, and heart (newborn mice) were found. Samples onstrated a 100-fold difference concerning the amount of total RNA from newborn mice showed similar pat-of protein in various tissues and its association with terns. Thus, it can be concluded that the murine Pax differentiation processes (Briggs et al., 1987 ; Mitchell 8 gene exhibits a distinct tissue-specific expression pat-and Tjian, 1989; Rauscher et al., 1988) . AP2-binding tern. The significance of the low-level expression in sev-sites have been reported to mediate cellular response eral additional organs, at least in newborn mice, is as via two different signal-transduction pathways (Imayet unclear. gawa et al., 1987; Medcaff et al., 1990) . PEA3 sequences are sites for tissue-specific transcription factors for Possible binding sites for transcription factors were phorbol esters, epidermal growth factor, and serum reidentified upstream of the first exon in addition to the sponse elements (Faisst and Meyer, 1992) . Phorbol es-TATA-and CCAAT-like boxes as well as within the ter-induced modulation of protein kinase C and upregfirst and second exons and the first intron of the murine ulation of cAMP have been reported to increase the Pax 8 gene, which all might be involved in the tranactivity of AP2. The CCAAT box in several genes exscriptional regulation of the murine Pax 8 gene (Fig. pressed mainly in the liver has been shown to play a 2), i.e., two PEA3 consensus sequences in opposite orirole in the tissue-specific pattern of expression (Lichtentation and several Sp1 and AP2 motifs. Sp1 can insteiner et al., 1987; Gorski et al., 1986) . The tissueteract with other cellular transcription factors includspecific CCAAT box-binding factors can also be ining those that bind to AP1 and AP2 sites and can be volved in a tissue-specific gene regulation, thus acting activated together with TFIID protein expression of inhibitively to prevent the binding of a constitutively genes with or without TATA boxes. Multiple SP1-binding sites have been found in a few promoter genes with-expressed activator factor (Akira et al., 1992) . The
